Background: The association between uric acid (UA) with metabolic syndrome (MS) has been researched more in adults than in adolescents. In fact, this association is not completely understood among adolescents. Objectives: The purpose of this study was to explore the association between UA with MS. Methods: A crosssectional sample of 742 Kuwaiti adolescents (303 males and 439 females) who were apparently healthy, chosen from randomly selected schools were used for the study; four intermediate (two males and two females) and four secondary (two males and two females) schools. Results: The results of the study showed the UA level was highly associated with MS, especially among males. UA was significantly associated with each of the six parameters of MS. Conclusions: The level of uric acid among the adolescent was high and it was significantly associated with MS and gender. Dietary interventions are necessary to reduce UA and the parameters of MS among the adolescents.
INTRODUCTION
It has been suggested by several studies that UA constitutes a risk factor for the development of cardiovascular disease [1] [2] [3] . There is a controversy over the contribution of UA to atherosclerotic vascular disease [4] . The association of UA with MS in adolescents has yet to be fully understood unless studies were to be conducted on adolescents who are free of chronic diseases and rule out that the association is secondary to such diseases [5] . It has been argued that the association between UA and atherosclerotic vascular disease is possibly because of an indirect relationship between hyperuricemia with cardiovascular risk factors or the aggregation of some risk factors that are both metabolic and hemodynamic, which are designated as MS [6, 7] . Studies on adults have shown that vascular smooth muscle proliferation is stimulated by UA and, as a consequence, this stimulation induces endothelial dysfunction. Moreover, UA tends to decrease the production of endothelial nitric oxide and eventually leads to endothelial dysfunction and insulin resistance [8, 9] . Once vascular inflammation and artery damage is induced by UA, the risk of atherosclerosis is increased. The relationship between UA, MS, and carotid atherosclerosis have been explored in adults but little is known of this association among adolescents, which necessitate the exploration of these associations among adolescents [10] [11] [12] [13] [14] . The association of UA with some MS parameters has been suggested in adults [15] . The scope of these studies on this association is limited in adults let alone adolescents [16] . Therefore, the purpose of this study was to explore the association of UA with MS among Kuwaiti adolescents.
METHODS
To assess the association between UA with MS. A previous study was conducted on a cross-sectional sample of Kuwaiti adolescents aged 10 -19 years, which was related to the prevalence of MS among the aforementioned group [17] . Ethical approval was taken by the local Ethical Committee, Faculty of Medicine, Kuwait University. The subjects were examined in the morning after at least a 10-hr overnight fast. The fasting blood samples were then collected via venipuncture and kept cooled in an ice box until the separation in a refrigerated centrifuge. The resultant plasma and serum samples were stored frozen at −80˚C, until analysis were performed.
Blood pressures (BP both systolic and diastolic) were measured with a standard gauge mercurial sphygmomanometer after instructing the adolescents to be seated. Waist circumference (WC) was measured by using a measuring tape, midway between the inferior margin of the ribs and the superior border of the iliac crest. The weight was measured inkilograms with the subject wearing light clothes, using Seca digital scale. The height was measured in meters with the subject standing with his back against the wall. The body mass index (BMI) was calculated by dividing the weight in kilograms over the height in meters squared (kg/m 2 ). All the measurements were taken by the same investigator, so as to avoid inter-observer variations. Fasting blood sugar(FBS), lipid profile such as HDL and triglyceride (TG) levels and normal renal function test, in order to estimate serum UA level were performed by an Autoanalyzer techniques, using dedicated reagents and quality control (QC) materials (Beckman DxC Autoanalyzer, Beckman-Coulter Diagnostics, Fullerton, CA, USA). Also, there is no universally accepted threshold to define hyperuricemia in children and adolescents, hence we calculated its prevalence using several thresholds: >327 μmol/L (5.5 mg/dL) [4] , ≥357 μmol/L (6 mg/dL) [5] , and >416 μmol/L (7 mg/dL) [6, 7] . The final sample included 742 Kuwaiti adolescents, 303males and females 439. The exclusion criteria included those with diabetes mellitus, hypertension, cardiac diseases, renal diseases, epilepsy, subjects receiving medications, and those with broken legs(with cast), for the sake of weight measurements.
STATISTICAL ANALYSIS
The statistical data was analysed using the SPSS (statistical program for the social sciences) version 17. This included descriptive statistics such as mean, standard deviation and median. The relationship between UA and the six parameters namely, triglyceride, glucose, waist circumference, systolic and diastolic blood pressure and high-density lipoprotein cholesterol were measured by using Pearson's correlation.In addition logistic regression analysis was performed. The statistical significance was defined as p < 0.05.
RESULTS
The sample comprised of 742 individuals, 303 males and 439 females Kuwaiti adolescents. The mean age of our study group was 13.9 ± 2.4 years. The mean of serum UA in males was 327.29 μmol/L and in females was 256.5 μmol/L. The mean glucose level for males was 5.2 mmol/L and females was 5.03 mmol/L. The mean concentration of triglycerides in males was 0.97 mmol/L and in females was 0.69 mmol/L.The mean concentration of HDL-C in males was 1.07 mmol/L and in females was 1.23 mmol/L. The mean systolic blood pressure in males was 122.93 mmHg and in females was 121.05 mmHg. The mean diastolic BP for males was 80.81 and for females was 81.40 mmHg. The waist circumferencein males was 78.56 cm and in females was 73.76 cm. Table 1 shows each MS parameters in relation to UA. The study subjects wereclassified into quartiles, according to their serumUA level (UA-1 to UA-4). Data were presented as mean ± standard deviation (SD), while comparing the four groups. One-way anova was used. Table 2 summarizes Pearson's correlation coefficient between MS components and serum UA concentration. UA concentration was significantly correlated with WC, BP (both systolic and diastolic) and FBS. UA was negatively correlated with serum HDL. UA concentration was strongly correlated with TG. Table 3 shows the quantification of the odds ratio (OR) with respect to association of MS with UA in different quartiles. Age-adjusted binary logistic regression was applied. The risk of MS increased with increased concentration of UA. Figures 1 and 2 show that the level of UA increased in proportion to the number of MS parameters present, both in males and females.
DISCUSSION
In this study, it was found that there was a significant association of UA with MS. It was observed that serum UA was higher in malesthan females. This result supports the universal fact that estrogen promotes the excretion of UA [1, 2] .
According to this study's findings, serum UA was more significantly correlated with WC for males (both normal, r = 0.562, p < 0.001 and obese, r = 0.661, p < 0.001) and for females (both normal, r = −0.02, p > 0.05 and obese, r = 0.294, p < 0.001), which has been shown in other studies [3, 4] . This may explain the fact that abdominal fatness is likely to be the basis for metabolic abnormality which may give rise to insulin resistance and may be a predictor for increased cluster of risk factors as the age increases [5] .
The parameters: FBS, TG and hypertension were less significantlywith WC, (p < 0.001). When the participants were separated as normal and obese, it was observed that there was an increase in the correlation of UA with glucose in obese males (r = 0.334, p < 0.001). For females, glucose was insignificant(for normal r = 0.02, p > 0.05 and for obese, r = 0.024, p > 0.05). This might be due to dietary and life style reasons. For the former (males), UA may have a pathogenic role for the development of glucose intolerance or insulin resistance. Several mechanisms are well explained for the relationship of insulin resistance and hyperuricemia [6] . Studies revealed that insulin resistance (IR) is inversely related to 24-hour SBP and DBP combined in this figure urinary UA clearance [7, 8] . Therefore, one mechanism linking hyperinsulinemia (a consequence of IR) with hyperuricemia may be explained by a decreased renal excretion of UA. In fact, insulin can enhance renal tubular sodium re-absorption in humans. Moreover, insulin receptors found in different tubular segments. Whatever the site of the tubular effects of insulin, possible mechanisms include direct stimulation of tubular ion exchange or acceleration of cellular metabolism [9] . Therefore, insulin can modify the handling of UA by the kidney, thus leading to hyperuricemia.
Although, hyperuricemia is well recognized as a risk factor for atherosclerotic diseases such as myocardial infarction [10] and stroke [11] , the independence of this association from other risk factors has remained controversial. This is mostly because serum UA is associated with other risk factors, such as hypertension [12] and dyslipidemia [13] . Experimental evidence suggests that increased level of serum UA has a pathogenic role in hypertension, medi-ated by several mechanisms such as inflammation and vascular smooth muscle proliferation in the renal microcirculation, endothelial dysfunction, and activation of the renin-angiotensin system [14, 16] . Recently, a possible association between UA with hypertension has been assessed in a Chinese population, but not thoroughly [18, 19] .
UA concentrations are highly correlated with renal function, obesity, and metabolic abnormalities.The causative role of UA in hypertension is still a matter of debate. For example, decreased renal blood flow [20] and impaired tubular secretion of UA [21] have been associated with hyperuricemia in hypertensive patients. In overweight and obese subjects, abdominal obesity is associated with high blood pressure via hyperinsulinemia or insulin resistance [7] . Studies has shown that the association between hyperuricemia and hypertension was partly mediated by abdominal obesity [22] .
Hypertriglycemia was significant in this study among both genders (p < 0.05). HDL was found to be low in this study. The low concentration of HDL in MS patients have been reported in many studies, which confirms that there is an increased risk of developing cardiovascular diseases gradually and in their latter stages of life. However, one study showed that low concentration of HDL were no longer significantly associated with concentration of UA.
Therefore, in order to prevent the progression of MS, it is suggested to initially intervene by reducing the abdominal fatness by physical activity, diet and treatment of the various risk factors, such as hypertension, hyperglycemia and hypertriglycemia, so as to avoid the progression of the development of cardiovascular disease and increase the life span of human beings.
CONCLUSION
The level of uric acid among the adolescent was high and it was significantly associated with MS and gender. Dietary interventions are necessary to reduce UA and the parameters of MS among Kuwaiti adolescents.
